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Abstract
A new high-performance hybrid material has been developed by the combination of textile reinforced concrete (TRC) and 
glass-fibre reinforced plastic (GFRP). So, advantages of both materials, namely high strength, durability, surface quality
and cost-efficient production can be implemented in one hybrid material.
For the composite of GFRP and TRC the integration of an interlayer for the mechanical and thermal decoupling was
indispensable. The developed interlayer, consisting of an epoxy resin and a polyester nonwoven, guarantees a high and
sustainable detention compound between GFRP and TRC. The new GFRP-TRC-hybrid material has a tensile strength of 
165 MPa and a density of 1.65 g/cm³.
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1. Introduction
The modern architecture is increasingly determined by the trend towards organically shape building 
facades in high quality. This continuously increases the requirements on the construction materials and
technologies. The application of non-metallic high performance materials offers the opportunity of 
lightweight, thin, single- and double-curved elements.
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The innovative material made of textile reinforced concrete allows new degrees of freedom in design by 
increasing the strength as well as improving durability [Brameshuber, 2006; Mumenya, 2010; Schneider et al., 
2004]. At present, TRC reaches a tensile strength of up to 45 MPa [Funke et al., 2012]. For a higher tensile 
strength and more filigree structures additional reinforcements are necessary. A significant amount of research 
work has been executed to investigate various aspects of the application of fiber reinforcement polymer (FRP) 
bars with concrete [Alsayed, 1998; Rafi et al., 2008; Wu et al., 2008; Benmoktane et al., 1995; Lau et al., 
2001; Cevik, 2011]. As a result of these researches, FRP bars are becoming increasingly common as a 
reinforcing material for concrete. The combination of TRC and glass-fiber reinforced plastic as reinforcement 
is still not state of the art. 
This paper presents the results of tests carried out on new hybrid material TRC reinforced with laminated 
GFRP. An important part of this work is the testing of long-term behavior and durability aspects of the novel 
hybrid material. Thus, the development of a suitable interlayer between TRC and GFRP plays an important 
role in this work with regard to a high bond and for the decoupling of the mechanical and physical 
properties of these two materials.   
2. Materials and methods 
2.1. Fine grained concrete 
 
The development of the fine grained concrete was focused on the workability of the fresh concrete, 
durability and good bonding between concrete matrix and textile reinforcement.  Table 1 shows the qualitative 
and quantitative composition of the fine grained concrete mix. In addition to ordinary Portland cement  
CEM I 52.5 R (EN 197-1), a high content of ultra-fine fly ash and silica fume were used (Table 1). The high 
content of pozzolana (46 mass percent of cement) results in a higher durability and enhanced bond between 
the glass fibres and concrete matrix in comparison to pure ordinary Portland cement. A super plasticizer based 
on polycarboxylate ether (PCE) was used with a PCE solid content of 30 mass percent. The water binder ratio 
was 0.32. 
 
Table 1. Qualitative and quantitative composition of the fine grained concrete mix 
 
 content [kg/m³] 
CEM I 52.5 R  500 
ultra-fine fly ash  (x50 = 4 μm) 180 
silica fume  (agglomerated powder) 50 
quartz sand 0/1  1180 
quartz powder (x50  180 
short integral AR-glass fibres (12 mm) 4 (0.14 Vol.-%) 
water 210 
super plasticizer (30 M.-% PCE) 25 
 
2.2. Textile for TRC 
 
A two-dimensional bidirectional warp-knit fabric of alkali-resistant glass fibres were used for the 
reinforcement of TRC (Figure 1). The warp and weft yarn had a length weight of 2400 g/km (  2400 tex) and 
a tensile strength of 754 MPa. The mesh size of the 10 mass percent impregnated warp-knit fabric (measured 
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by thermogravimetry) was 10 x 10 mm². The warp and weft yarn consisted of 2,000 glass filaments with a 
diameter of 16 μm. The degree of reinforcement in concrete was approximately 4.1% by volume.  
 
Fig. 1. Schematic of the bidirectional warp-knit fabric of alkali-resistant glass fibres 
2.3. Glass-fibre reinforced plastic 
The glass-fibre reinforced plastic was composed of four layers of bidirectional aluminoborosilicate glass 
("E-glass") fabric (580 g/m²) and a polyester resin as matrix. In order to achieve a high resistance to elastic 
deformation, the laminate was produced with a fibre volume content of 50 percent. Thus, a flexure modulus of 
19 GPa was reached. 
 
2.4. Test specimens  
 
Several plates (50 x 50 cm²) were prepared for the test specimens. In a first step, the fine grained concrete 
was mixed with the intensive mixer R05T by Erich. The mixing parameters are shown in Table 2. 
 
Table 2. Mixing parameters for fine grained concrete 
 
 component mixing technology mixing power [%] mixing time [s] 
1st binders + aggregates concurrent 15 60 
2nd 75% of water sequence 35 90 
3rd super plasticizer sequence 35 60 
4th residual water sequence 40 30 
5th AR-glass fibres sequemce 40 30 
 
The mixed fresh concrete was laminated and reinforced with one layer of the alkali-resistant glass textile. 
After this, the interlayer was applied to the textile reinforced concrete. For this purpose different types of 
interlayers were used, such as epoxy resins and polyester nonwovens. Finally, the glass-fibre reinforced 
plastic was laminated on the interlayer. Then the plate was stored until testing or further preparations at 20 °C 
and 65% relative humidity.  
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For the determination of the tensile and 3-point bending tensile strength test specimens of  
220 x 50 x 9 mm³ were cut out of the plates. Figure 2 shows the schematic structure of the test specimen. The 
samples were tested at the age of 28 days. 
Fig. 2. Schematic structure of the test specimen 
 
2.5. Test set-up 
 
The determination of the mechanical strengths was conducted under a constant deformation control regime 
of 0.5 mm/min in the servo hydraulic universal machine Z250 by ZWICK/ROELL. For the determination of 
the 3-point bending tensile strength, a 50 kN load cell was used (Figure 3). The tensile strength was 
determined with a 250 kN load cell. The deformations during the test were measured with a laser. 
Fig. 3. Test set-up for determination of the 3-point bending strength 
 
For the verification of the durability of the interlayer, the GRFP-TRC samples were subjected to a 
temperature change. This temperature change comprised ten temperature cycles whereby one temperature 
cycle took 12h at -20 °C and 12h at +80 °C. The durability of the interlayer was determined by comparing the 
tensile strength before and after the temperature change.    
 
3. Results and discussion 
 
3.1. Properties of hardened fine grained concrete 
 
The properties of the hardened concrete after 28 days are summarized in Table 3. As a result, a very high 
compressive strength, a high elastic modulus and a relatively high tensile and bending tensile strength were 
determined. For a high durability of the textile reinforcement a reduced basicity of fine grained concrete is 
important, which can be achieved by the addition of pozzolans and latent hydraulic materials.  
The ultra-fine fly ash and the silica fume react with the free portlandite to C-S-H- and C-A-H-phases, 
whereby the portlandite content is limited to 2.8 mass percent in the fine grained concrete matrix. Thus, the 
glass corrosion is reduced due to the alkali attack, whereby the decrease in tensile strength of the glass 
filaments is reduced as a function of time. The linear shrinkage deformation after 28 days is 0.80 mm/m, 
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which is comparatively low for the high binder content (730 kg/m³) and the high content of silica fume (10 
mass percent of cement). 
 
Table 3. Properties of the hardened concrete after 28 days 
 
 After 28 days 
Geometric bulk density 2.17 g/cm³ 
Compressive strength 119 MPa 
3-point bending tensile strength 14.1 MPa 
Tensile strength 5.1 MPa 
Elastic modulus 39 GPa 
Linear shrinkage (shrinkage channel) 0.80 mm/m 
Content of portlandite (thermogravimetry) 2.8 M.-% 
 
Figure 4 shows the compressive strength development of the hardened fine grained concrete. Over 90 
percent of the 28-day strength (119 MPa) are already reached after seven days. Thus, it can be concluded that 
the hydration of the C-S-H- and C-A-H-phases is almost complete. The nearly completed C-S-H- and C-A-H-
phase formation, which is the practical end of the chemical and autogenous shrinkage, can be observed by the 
decrease in shrinkage deformation after seven days (0.72 mm/m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Compressive strength development of the hardened fine grained concrete 
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3.2. Mechanical properties of the new GFRP-TRC hybrid material 
 
Figure 5 shows the tensile strengths of the GFRP-TRC samples with selected interlayers before and after 
the temperature change (TC). On all types of interlayers it comes to a sudden failure of the GFRP-TRC hybrid 
material, which is associated with a delamination between TRC and GFRP. During the testing there is a 
formation of many small cracks in the concrete as a result of the textile reinforcement and the high bond 
strength between concrete and GFRP. The highest tensile strength (210 MPa) before the TC is achieved by 
using the the tensile strength decreases after the TC by 36 percent to 135 MPa. So the 
d GFRP, but there is no sufficient decoupling 
between these two materials, which leads to a significant decrease of the tensile strength after the TC. The 
 before and after the TC. 
n excellent decoupling between TRC and GFRP, but the 
bonding between these two materials is not  as high as with the other types of interlayers tested. As a result of 
testing the interlayer 
strength and the decoupling effect between the TRC and GFRP. A high bond strength results in a low thermal 
best compromise between high bond strength and sufficient decoupling. Thus, the highest tensile strength 
w  
Fig. 5. Tensile strengths before and after temperature change 
 
4. Conclusions 
 
In this research it has shown that by combining TRC and GFRP it is possible to create a new high 
performance hybrid material, which combines the advantages of both materials such as high strength, 
durability and design flexibility. The developed interlayer ensures a durable and high bond between GFRP 
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and TRC as well as a sufficient thermal and mechanical decoupling between both materials. The new GFRP-
TRC-hybrid material has a bulk density of 1.65 g/cm³ and a tensile strength of 165 MPa.  
Mainly due to the high tensile strength, the relatively low density and the high design flexibility, the hybrid 
material offers a great potential to be used as a lightweight construction material in filligrane and bearing 
applications in architecture. The structural behavior of such structures is mainly determined by the strength 
and the durability of the composite material. Currently, the new hybrid material achieves the highest tensile 
strength of all materials tested (Figure 6). In comparison, the current building materials fiber-reinforced 
concrete, ultra high performance concrete (UHPC) and TRC are far away from these tensile strengths.   
Fig. 6. Comparison of the tensile strength of various building materials according to state of the art  
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